THE autonomic innervation of the inner ear is a subject of increasing interest to the clinician, but surprisingly enough has received little attention from the experimental point of view. This prompted us at the Ferens Institute to undertake certain investigations, of which the present communication is a preliminary report.
pharyngeal, the carotid region, Hering's nerve, the vagus and the superior cervical sympathetic ganglion. This extensive network has been investigated by Tchibukmacher (1938) in 35 fresh cadavers, and Skoog (1947) has demonstrated the presence of sympathetic ganglion cells on the cervical spinal nerves. The final point of consideration is that in the intact animal the autonomic regulation takes place through reflex mechanisms which are dependent upon afferent stimulation and integration at higher levels of the central nervous system. Just how much anesthesia affects these higher centre integrations is difficult to assess, but in these, our initial investigations, we elected to give barbiturates as an anesthetic for reasons referred to later, and have temporarily put on one side this aspect of the problem.
In order to cover as wide a field as possible, we selected the three laboratory animals, guinea-pigs, rabbits and cats, upon which to work, and determined the effect of sympathetic stimulation on the cochlear microphonic potentials. The state of the potentials bears a relationship to the physiological state of the cochlea and to the frequency of the sound source within a range of 20-16,000 c.p.s. in cats, rather less, i.e. 14,000 c.p.s., in guinea-pigs. Their function, however, remains a controversial issue and is not clearly known. They appear to 'Meyer Sassoon Research Scholar, Ferens Institute of Otolaryngology, Middlesex Hospital Medical School, London.
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AUG.-OTOL. 1 be an epiphenomenon of auditory function and though hearing may be lost while the microphonic potentials remain unimpaired, it is never retained in their absence (Covell and Black, 1936) so presumably they must be regarded as an indication of the perception of sound. Their use as an index of hearing, however, is limited. Although it is certain that many of the characteristics of hearing are reflected in the microphonic potentials, this association is not absolute. However, within given limits, a change of loudness bears the same relation to a change in the microphonic potentials as it does to a change in the intensity of the sound stimulus.
The microphonic potentials are influenced by a number of factors, an important one of which is anoxia. Wever et al. (1949) , in studying the effects of lowered oxygen tension upon cats, noted that the microphonics were greatly reduced after the animals were subjected to periods of oxygen lack and that they did not regain their former value when full oxygenation was restored. Repeated exposures gave a cumulative deterioration of response.
It is also well known that deprivation of blood supply causes a disappearance of the microphonics.
The former observations we have been able to substantiate, in part, on a number of animals. Certainly a falling blood oxygen tension causes lowering of the cochlear microphonics with recovery as re-oxygenation occurs, but we did not subject our animals to prolonged periods of anoxia.
Juul (1944) , studying the effects of a number of pharmacological substances, observed that the microphonics were unaffected by salicylic acid, quinine, allopropynal, adrenaline, prostigmin, and urethane anesthesia. Other investigators have shown that ether does not affect them either until the anwsthesia is so deep that circulation ceases. We have, to date, not concerned ourselves with the pharmacological aspect, other than to confirm the observations of the effect of adrenaline when administered by the intraperitoneal route, intravenous injection seems to produce a temporary, small diminution, varying with the strength of solution used. At death, the microphonics fall immediately to one-fifth of their value and then are reduced slowly over the next few hours until they finally disappear.
EXPERIMENTAL TECHNIQUE
With this as the pattern of behaviour of the cochlea, we evolved a technique to study the effect of electromagnetic stimulation of the cervical sympathetic trunk upon the cochlear microphonic potentials. All the animals were anesthetized with intraperitoneal nembutal and a tracheotomy performed. The bulla on the side to be investigated was then carefully exposed by the standard ventral approach, care being taken to ensure that in the dissection no major vessel was cut or injured, nor a ligature used except on the vessel to the salivary gland. Only enough of the bulla was cut away to facilitate accurate placing of the differentiated electrode on the apical coil of the cochlea in the guinea-pigs and on the edges of the round window in the rabbits and cats, thus preventing, as much as possible, excessive drying or cooling of the cochlea as the experiment progressed.
In order to attain as nearly physiological conditions as possible, the absolute minimum amount of retraction was used, particular care being taken to avoid pressure on the carotid vessels, pharyngeal wall and the nerve trunks. The cervical sympathetic trunk was usually exposed for a distance of about 5 mm. at a level 1 to 1*5 cm. below the superior cervical ganglion, in the rabbits and cats, somewhat higher in the guinea-pigs. The ganglion itself was never exposed or approached until after the completion of the experiments, and then only in confirmation, when the trunk consisted of a loose leash of filaments and had given some difficulty in identification. This detail was observed to ensure that there was no interference with the blood supply of the ganglion, for, as Eccles (1935) has shown, depriving a sympathetic ganglion of its blood supply results in blocking of synaptic transmission, the greater part of the effect occurring within a few minutes, but a few hours being required for the complete block. Similarly, Bronk et al. (1938) demonstrated that when the circulation to a sympathetic ganglion is stopped, there is a progressive decrease in the number of cells which respond to single preganglionic volleys; and hence our efforts to avoid the introduction of this conditioning effect upon our stimulation.
The apparatus used in the experiments consisted of a pure tone sound source, a high gain push-pull amplifier to increase the cochlear potentials approximately 100,000 times and a cathode-ray tube assembly to enable them to be shown on a screen. An electrical stimulator was used for exciting the sympathetic trunk and a set of micromanipulators enabled accurate positioning of the silver micro-electrodes. The stimulating probe consisted of two fine silver wires imbedded in a rod of Perspex which had a slit at the tip, in which the sympathetic nerve trunk was placed. By this means only a short length of the trunk was stimulated, and the impulse thus prevented from spreading to other parts of the animal. Movements of the animal's head were avoided by means of a rigid pillar clamp which served for both rabbits and cats.
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We had to be certain that the variation in cochlear potentials was produced by the stimulation, and not by any artefacts. By far the most troublesome of these was fluid, which gathered between the electrodes and caused a considerable reduction in the potentials. This difficulty was largely overcome by initial removal of the salivary glands, and thoroughly drying the inside of the bulla before each recording. The variation of electrode contact could have caused some alteration and we tried several types of electrode, and several methods of application. In the initial experiments a pointed stainless steel needle was lowered into a small depression drilled into the wall of the cochlea of the guinea-pigs. Later experiments were tried using a silver wire touching the edge of the round window, but the most successful results were obtained with chloridized silver wire.
Pure sine waves in the frequency range 1,000 c.p.s.-2,000 c.p.s. and of intensity well below human pain level were injected into the animal's ear, and the cochlear potentials picked off, amplified, portrayed on the screen of the cathode ray tube and photographed. The sympathetic trunk of the same side was then stimulated in each animal, and recordings before, during, and after stimulation were taken.
RESULTS
The results appear to'be similar for most of the animals studied, though for the purpose of this paper we chose to do a series of 3 guinea-pigs, 6 rabbits and 4 cats.
Almost immediately after stimulation was begun, in a latent period of less than one minute, the microphonics were sometimes observed to undergo a small but appreciable increase in size. This increase, though never more than 1/8 of their original value, and sometimes much less, was quite distinct. On continued stimulation, they remained unaltered for a variable number of minutes depending on the species of animal, about ten minutes in guinea-pigs and twenty to thirty minutes in the others. After this period they underwent a gradual diminution in size with further stimulation, reaching a level, usually in the region of 2/3 their original value, though occasionally even lower to almost 1/2 their previous level. It was noted, however, that there was no distortion of the sine-wave form.
After cessation of stimulation, there was a variable latent period of ten to fifteen minutes before the potentials began gradually increasing in size again, sometimes regaining their initial level, though more often failing to do so by a distinct margin, particularly if it was the second or third occasion of making the observations. In these latter conditions, somewhat naturally, the behaviour of the potentials was in no way as demonstrable as on the first stimulation.
Excessive stimulation on a number of guinea-pigs and, as observed on one cat only, reduced the potentials to 1/2 or less than 1/2 of the pre-stimulation level, with no restoration at all to a higher level, even after prolonged periods of rest. The reason for this is probably an irreversible change in the cochlea, but we await the histological results of sectioning of the temporal bones before attempting to advance an explanation. At the conclusion of the experiments the animals were intravitally fixed with Wittmaack's solution, some when the potentials had recovered their resting value, others when the potentials were at the lowest level attained, and it is hoped at a later date to obtain some histological material to correlate with the experimental findings.
DISCUSSION
From these preliminary results it thus seems that the sympathetic nerve supply does exercise some measure of control upon the cochlea. The immediate effect of stimulation was observed, in some cases, to be a slight increase in size of cochlear microphonic potentials as already mentioned, and offers some difficulty in explanation. If it is a direct effect upon the cochlea as it seems to be by the short latent period, a pathway for the impulses to reach the cochlea must be envisaged. Two possible pathways are: (1) Via the sympathetic filaments of the plexus in the cerebral blood vessels, internal auditory artery and thence to the cochlea, but the function of these filaments seems to be vasomotor control.
(2) Sympathetic pathways from the brain-stem via the VIfI nerve to the cochlea. Lorente de N6 (1937) states that the blood vessels of the cochlea are innervated by sympathetic filaments coursing with the auditory nerve, but he describes them as arriving via the facial nerve anastomosis with the carotid nerve plexus. These filaments left the cochlear nerve before they reached the spiral ganglion and passed into the connective tissue which carried the blood vessels. They divided into numerous branches that enveloped the blood vessels with "grape-like" endings but he could not determine how far the filaments accompanied vessels.
Rasmussen (1946) investigating the course and relationship of the olivary peduncle, a bundle commonly mistaken for an auditory reflex connexion between the superior olivary complex and the abducens nucleus, was able to trace this distinct bundle from the glial-Schwann sheath junction, into the inferior division of the vestibular nerve as far as the ganglion associated with the main saccular ramus. Beyond the ganglion, the bundle passed into Oort's vestibulo-cochlear anastomosis, formerly believed to be a group of aberrant cochlear fibres, and accompanied the blood vessels of the cochlea over a half turn of the basal coil subdividing en route, the tiny branches passing towards the ganglion cells. Technically it was impossible to trace the filaments any further. He also described a cochlear-saccular anastomotic bundle, probably that described originally by Hardy, but the morphological features of these bundles suggested them to be visceral efferent fascicles to the cochlea and saccule, though they might equally well contain visceral afferent fibres also. Rasmussen, himself, suggested that they might be parasympathetic fibres supplying the cochlear blood vessels and/or the secretory epithelium overlying the stria vascularis. The bundles themselves, from the comparative anatomical point of view, are well marked in all the higher mammals. If this is the efferent pathway by which our stimulation was affecting the cochlea immediately then the afferent pathway must be considered. As Fulton (1930) has pointed out, everincreasing clinical evidence seems to point to sympathetic afferents entering via the grey rami communicantes; thus our stimulation on the cervical trunk may have resulted in stimulation of such postulated afferents.
The delayed effect experienced by the cochlea was probably due to the diminution of blood supply as a result of vasoconstriction of the intracranial blood vessels, on sympathetic stimulation. The evidence in support of this control is considerable, dating from the early papers of Forbes and Wolff of 1928 and the literature on the subject since is voluminous. The time taken for the phenomenon to show in our experiments, with some degree of recovery on stopping the stimulation, supports the suggestion, but unless the vessels themselves were directly observed it would be difficult to determine whether the internal auditory artery and its branches were actually in spasm or whether the artery was merely experiencing the effects of spasm of the parent trunk.
AUTONOMIC IMBALANCE
The concept was first recognized by Van Noorden as early as 1892 but the clinical concepts were first formulated by Eppinger and Hess in 1909. Wenger in 1941 proposed a re-statement of their theory which was mainly to the effect that the differential chemical reactivity and the physiological antagonism of the adrenergic and cholinergic branches of the autonomic nervous system permit of a situation in which the action of one branch may predominate over that of the other. This predominance, or autonomic imbalance, may be phasic or chronic, and may obtain for either the adrenergic or the cholinergic systems. In briefly considering the hypothalamus, the centre of the integration of autonomic impulses, it is worth observing that this region is the most richly vascularized region of the whole brain. Further, capillary counts indicate that the anterior and medial portions of the hypothalamus, including the anterior portion of the paraventricular nuclei, the area to which parasympathetic activity is usually assigned, is two to three times more richly supplied than the lateral and posterior nuclear groups whose assignation is sympathetic activity (Finley, 1940; Cragie, 1940) . On this alone it does appear hypothetically possible that the sympathetic nuclei would suffer the effects of vascular spasm before the parasympathetic nuclei and hence produce the entity of autonomic imbalance, but it leaves the question of the aetiological factor for the vascular spasm unanswered.
In comparative studies Campbell (1939) has shown that there are very much wider variations in vascularity among the thalamic and hypothalamic centres in the monkey than the cat. In our experiments we have used nembutal as an anxesthetic, for as Fulton, Liddell and Rioch (1930) and Masserman (1937) have shown, barbiturates produce a state akin to normal sleep and the site of action is chiefly upon the hypothalamus and to some extent the medulla. Thus any reflex phenomena we may observe is through autonomic centres in the brain-stem below the level of hypothalamus.
RELATIONSHIP OF AUTONoMIc DISORDER TO MENIERE'S DISEASE
In evaluating our results and aligning them with clinical experience, we observe that sympathetic stimulation produces diminution of cochlear potentials and hence diminution of hearing within the range and conditions of our experiments, but in no way distorts the form of the sine wave of the potentials. If sympathetic hypertonus is to be considered as an ,Ttiological factor in Meniere's disease, the deafness during the attacks might thus be accounted for.
In answer to the question of the vertigo of Meniere's disease, sometimes severe and sometimes not so marked as the cochlear symptoms, an unequal vascular distribution between cochlea and vestibule has been shown anatomically, and advanced as an explanation.
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It is worth noting also the work of Snider-and Stowell (1944) and Hampson (1949) , who describe the representation of both cochlea in the mid-line lobulus simplex and tuber vermis of the cerebellum. They noticed that these responses to sound were abolished when the VIII nerve was sectioned or the cochlea destroyed. Further stimulation of the sensory auditory areas of the cerebral cortex evokes responses in the lobulus simplex and tuber vermis indicating a pathway connecting the two areas.
Winkler demonstrated that nerve fibres from the macule of the utricle and saccule terminate only in part in the vestibular nuclei, another portion terminating the ventral part of the ventral cochlear nucleus. From the latter the trapezoid fibres proceed to the superior olivary and trapezoid nuclei of the same and opposite sides and thence to the lateral lemniscus where impulses are ultimately projected to the cerebral cortex, the lateral lemniscus being thus a link in both auditory and vestibular cortical pathways.
HISTOLOGY
In the classical description of the histological picture in Meniere's disease given originally by Hallpike and Cairns (1938) and substantiated by Lindsay (1942, 1944) and many others, gross dilatation of the scala media and certain degenerative changes in the organ of Corti were demonstrated. On one animal of Wever's series, which had been intravitally fixed after being subjected to severe oxygen lack and which had demonstrated impairment of cochlear responses, they noted on microscopical examination of sections that there were marked pathological changes in the organ of Corti over the whole length of the cochlea. The sensory structure had largely lost its differentiated character and was reduced to a misshapen mass in which all nuclei were present, but no cell boundaries could be made out. The arch of Corti could be seen though it was greatly modified in form. No hair cells could be surely identified, though certain nuclei were present that may have belonged to the inner hair cells. On the other hand, the internal sulcus cells and stria vascularis remained in fairly good condition. Reissner's membrane was greatly ballooned out and through most of the cochlea was closely adherent to the wall of the scala vestibuli.
Though only described for the one animal the similarity with the description of the sections in Meniere's disease is remarkably striking. Our own histological material is not yet available for examination because of the time required for decalcification and preparation of the temporal bones. SUMMARY Electrical stimulation of the cervical sympathetic trunk is found to decrease the magnitude of the cochlear microphonic potentials, using pure tone stimuli between 1,000 and 2,000 c.p.s. This reduction in magnitude of the potential is unaccompanied by any change in their sinusoidal wave form. The decrease of the potentials is probably due, in part, to diminution of the cochlear blood supply resulting from va'soconstriction. The decrease of the potentials is sometimes preceded by a small but appreciable increase. The possible mechanisms for this increase are discussed.
